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Sub jec t :  Development of Macroscopic O p t i c a l  Waveguide U 

Components -- Progress  1964 AUG. x o  o u  
Gentlemen: 

This i s  t h e  s i x t h  p rogres s  r e p o r t  on t h e  developxent 
of macroscopic waveguide components f o r  o p t i c a l  systems be ing  
pe r fo rned  f o r  t h e  Nat iona l  Aeronautics and Space A d n i n i s t r a t i o n  
(NASA) by  Wheeler Labora tor ies  (WL) under  c o n t r a c t  NASw 888. 
This r e p o r t  covers  t he  month of August 1364. The o v e r a l l  ob jec-  
t i v e s  of  t h e  c u r r e n t  c o n t r a c t ,  t o  be conp le t ed  by 1964 NOV 28 
as desc r ibed  i n  R e f .  1 a r e :  (1) t o  d e t e m i n e  t h e  f a c t o r s  a f f e c t -  
i n ;  t h e  des ign  and f a b r i c a t i o n  of m c r o s c o p i c  wdveg-ul.de and wave- 
guide components, ( 2  ) t o  i n v e s t i g a t e  s p e c i f i c  c o n f i g u r a t i o n s  i n  
o r d e r  t o  develop p r a c t i c a l  concepts  f o r  component design,  and 
( 3 )  t o  under take  a c t u a l  component f a b r i c a t i o n  and t e s t i n g  t o  
prove t h e  f e a s i b i l i t y  of t h e  des ign  concepts .  

Work Performed During Current  Month. 

During t h e  month of August, e f f o r t  has  cont inued  on t h e  
second phase of t h i s  program which invo lves  t h e  fo l lowing  t a s k s :  

a s tudy  and per fornance  a n a l y s i s  of component c o n f i g u r a t i o n s ,  
des ign ,  f a b r i c a t i o n  and t e s t i n g  of c e r t a i n  components. 

A. Analysis  of Waveguide and Waveguide Components. 

The p o s s i b i l i t y  of c o n s t r u c t i n g  a d i r e c t i o n a l  coup le r  
from a s i n g l e  sheet of microsheet g l a s s  i s  be ing  s t u d i e d ,  Previous 
t e s t s  of t h e s e  s h e e t s  (Ref.  6 )  i n d i c a t e d  a g r a d i e n t  i n  r e f r a c t i v e  
index i n  t h e  s h e e t  c r o s s - s e c t i o n  g i v i n g  a low index i n  t h e  c e n t e r  
and high index a t  t h e  edges.  Therefore ,  t h e  s h e e t  can a c t  as two 
coupled waveguides. Experimental tests t o  demonstrate  t h i s  coupl ing  
a r e  planned. 
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B. Experi:nental  Tes t ing .  

D e l l  Gpt ics  Co. f o r  u s e  a s  s o l i d  c o r e  w a v e p i d e s ,  Experimental 
t e s t i n g  of these s l a b s  i n d i c a t e d  good p ropaga t ion  of low o r d e r  
modes, and s i n g l e  node propagat ion  over  l i m i t e d  regior?s of t h e  
slab.  The s i n g l e  mode performance is  cons idered  marginal  and 
g i v e s  evidence of random inhomogeneities i n  the r e f r a c t i v e  index  
o f  the  q u a r t z .  S l abs  of t h e  sdme s i z e ,  b u t  made from b e t t e r  
q u a l i t y  q u a r t z  o r  glass w i l l  be  purchased. 

Two q u a r t z  s labs  ( 2 3  m i l s  t h i c k n e s s )  were r ece ived  from 

I 

Ixplementa t ion  of a n  o p t i c a l  modulator cons t ruc t ed  i n  
wave,Xi.de has been  i n i t i a t e d .  Pre l iminary  measurements of the 
v o l t a g e  breakdown s t r e n g t h  of the  modulator e l e c t r o d e s  i n  n i t r o -  
benzene have been performed. The modulator c o n f i g u r a t i o n  has been  
designed and i s  be ing  assembled, 

C.  Survey and Study of Waveguide Cons t ruc t ion .  

The survey  of var ious  p l a s t i c  materials f o r  c o n s t r u c t i o n  
of a n  a l l - s o l i d  waveguide i n d i c a t e s  t h a t  methyl n e t h a c r y l a t e  
(common names l u c i t e ,  P l e x i g l a s  ) has t h e  best  o p t i c a l  p r o p e r t i e s  
f o r  a waveguide a p p l i c a t i o n .  HGwever t h i s  p l a s t i c  is  not a v a i l -  
able commercially i n  t h i n  sheets. Methods f o r  o b t a i n i n g  t h i n  
s h e e t s  o r  f o r  changing t h e  p r o p e r t i e s  of t h e  material over  a 
t h i n  r e g i o n  a r e  b e i n g  i n v e s t i g a t e d .  

Do Conferences. 

A conference w i t h  R. Chase and o t h e r  NASA per sonne l  t o  
review p rogres s  on t h i s  c o n t r a c t  has been t e n t a t i v e l y  scheduled 
f o r  October. 

Work Planned f o r  Next Month. 

During the month of Septeinber, i t  i s  planned t o  cont inue  
t h e  e x p e r i a e n t a l  e v a l u a t i o n  of d i f f e r e n t  t ypes  o f  waveguides and 
t h e  des ign ,  performance a n a l y s i s ,  and t e s t i n g  of c e r t a i n  components. 

(1) F u r t h e r  t e s t i n g  o f  b e t t e r  q u a l i t y  q u a r t z  s labs  i s  planned. 

( 2 )  Experimental  t e s t i n g  of  a modulator c o n s t r u c t e d  i n  wave- 
guide w i l l  cont inue .  

(3) I n p l e n e n t a t i o n  of a p l a s t i c  wuveguide w i l l  be cont inued.  

Personnel .  

The work on t h i s  p r o j e c t  has been c a r r i e d  on b y  E, R, 
S c h i n e l l e r ,  D. W .  Wilaot and H. PI. Heinenann under  t h e  d i r e c t  
s u p e r v i s i o n  of H. W .  Redlien.  Advice and g e n e r a l  d i r e c t i o n  has 
b e e n  provided by  H. A. Wheeler and F. H, Williams. 
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